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Local anesthesia for endodontic 
pain 

AL READER & JOHN NUSSTEIN 


The purpose of the following paper is to discuss problems with mandibular anesthesia, the success of 
intraosseous anesthesia, and the clinical management of endodontic anesthesia. 


Why do patients avoid going to the dentist? Accord- 
ing to a survey front the American Dental Association 
(1), fear of pain is the greatest factor that prevents 
patients from visiting their dentist. Additional surveys 
(2,3) have found that 90% of dentists have some an- 
esthetic difficulties during restorative dentistry pro- 
cedures. In endodontics, Wallace and coworkers (4) 
surveyed Diplomates of the American Board of Endo- 
dontics and found 84% of the respondents did not 
achieve anesthesia after a clinically successful nerve 
block. 

Recognizing that adequate pulpal anesthesia is a 
clinical problem, we have performed research on local 
anesthesia over the last 17 years. Some of the findings 
we are reviewing in this paper. Because failure occurs 
most often with the inferior alveolar nerve block (2), 
we would like first to concentrate on mandibular 
anesthesia. 


Mandibular anesthesia 

How do we traditionally confirm anesthesia 
clinically ? 

Traditional methods to confirm anesthesia usually 
involve questioning the patient (‘Is your lip 
numb?’), clinical testing (e.g., responsiveness to mu- 
cosal needle sticks), or simply commencing with 
treatment. The problem with these approaches is 
they may not be effective for determining pulpal 
anesthesia (5-8). 


Objective means of determining pulpal 
anesthesia 

A more objective measurement of anesthesia is ob- 
tained with an electric pulp tester (EPT) (e.g. Ana- 
lytic Technology, Redmond WA, USA), or appli- 
cation of a cold refrigerant (Endo-Ice, Hygienic Co., 
Akron, OH, USA). The Analytic Technology EPT 
provides a readout on a scale of 0-80, with 80 repre- 
senting maximal stimulation for this device. Accord- 
ingly, the lack of response at the 80 reading with this 
EPT is an end point which can be used to verify pul- 
pal anesthesia over time and allows comparisons of 
anesthetic solutions and techniques without the vari- 
ation inherent in traditional testing methods using 
clinical procedures. 

Clinically, the electric or cold pulp testing methods 
can be used to test the tooth under treatment for pul- 
pal anesthesia prior to beginning a clinical procedure. 
Clinical studies (9, 10) have demonstrated that the 
lack of response at an 80 reading (maximum output 
of the pulp tester) predicts pulpal anesthesia in vital 
asymptomatic teeth. Additionally, Certosimo & 
Archer (10) showed that a positive response at EPT 
readings less than 80 reliably predicted patient per- 
ception of pain during restorative procedures. There- 
fore, the lack of response at an 80 reading of the EPT 
can be used to indicate if pulpal anesthesia would be 
obtained clinically. We have used the EPT to exper- 
imentally monitor pulpal anesthesia. Our general ex- 
perimental approach is to administer the local anes- 
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thetic injection and then repeatedly pulp test the teeth following a conventional inferior alveolar nerve 
teeth every two to four minutes for approximately an block injection, 
hour (Fig. 1). 


Conventional inferior alveolar nerve block 


Anesthetic failure 


As a frame of reference, we will first review expected 
outcomes following administration of a conventional 
inferior alveolar nerve block, to asymptomatic pa- 
tients, using 1.8 rnL of 2% lidocaine with 1 : 100,000 
epinephrine (a standard cartridge). 

Anesthetic success 

As alluded to above, we defined anesthetic success as 
the percentage of subjects who achieved two consecu- 
tive 80 readings within 15 min and continuously sus- 
tained this lack of responsiveness for 60 min. In other 
words, our objective is achieve anesthesia within 15 
min and have anesthesia that lasts 1 h. This objective 
is equally important to restorative procedures as well 
as endodontic treatment. It is important to realize 
that 100% of these subjects reported profound lip 
numbness. But, that does not predict anesthetic suc- 
cess since we are interested in pulpal anesthesia and 
not lip anesthesia. What then is the percentage of an- 
esthetic success? For the first molar it was 53%, for the 
first premolar it was 61%, and for the lateral incisor it 
was 35% (5-8, 11-15). Thus, anesthetic success, as 
defined by pulpal anesthesia, is not predicted by a 
positive lip sign and appears to vary across different 
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We defined anesthetic failure as the percentage of 
subjects who do not achieve two consecutive 80 read- 
ings at any time during the 60 min period. These pa- 
tients have the highest potential for pain during the 
dental procedure. How often does failure occur? For 
the first molar it was 17%, for the first premolar it was 
11%, and for the lateral incisor it was 32% (5-8, 11- 
15). 

Noncontinuous anesthesia 

In addition to anesthetic success and failure, there are 
other considerations in mandibular anesthesia such as 
noncontinuous anesthesia. Noncontinuous anesthesia 
means that the patient does not have a continuous 
duration of anesthesia during the appointment but in- 
stead, reports episodes of anesthesia followed by a 
lack of clinically detected anesthesia. This may be re- 
lated to the action of the anesthetic solution on the 
nerve membrane (blocking and unblocking of the so- 
dium channels). This occurs about 12-20% of the 
time in mandibular teeth (5-8, 11-15). 

Slow onset 

In most cases following conventional inferior alveolar 
nerve block injection, the onset of pulpal anesthesia 
usually occurs within 10-15 min (5-8, 11-15) (Fig. 
1). However, in some patients onset will be delayed. 
Slow onset was defined as the percentage of subjects 
who achieved an 80 reading after 15 min. Slow onset 
occurs about 19-27% of the time in mandibular teeth 
and about 8% of patients have onset after 30 min (5- 
8,11-16). In contrast to the onset of pulpal anes- 
thesia, the onset of lip anesthesia occurs usually oc- 
curs within 5-7 min (5-8, 11-15). 
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Fig. 1 . Incidence of first molar anesthesia as determined by 
lack of response to electrical pulp testing at the maximum 
setting (percentage of 80 readings) across time for 60 min. 


Duration 

Duration of pulpal anesthesia in the mandible is very 
good (5-8, 11-15). Therefore, if patients are anes- 
thetized initially, this usually persists for approximate- 
ly 2y 2 h (i4). 
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Timecourse of pulpal anesthesia 

Figure 1 depicts the time course for complete pulpal 
anesthesia for a healthy mandibular first molar, as de- 
fined by percentage of patients who do not respond 
to an 80 EPT stimulus across time. As you can see, 
the majority of patients achieved pulpal anesthesia 
within 15 min. However, some patients had slow on- 
set (19%) as indicated by the sloping plateau of anes- 
thesia after the 15 min. The duration of anesthesia is 
very good for at least the hour, but the success rate is 
not 100%. This graph illustrates the criteria for anes- 
thetic success, that is, an onset of a lack of responsive- 
ness to EPT within 1 5 min and duration of 60 min. 

What does lip numbness mean ? 

As described, the presence of soft tissue anesthesia 
(usually measured by ‘lip numbness’ or lack of mucosal 
responsiveness to needle stick) does not adequately in- 
dicate pulpal anesthesia ( 5-8 ,11-15). This is in contra- 
diction to the traditional view. However, the lack of 
soft tissue anesthesia is a useful indicator that the block 
injection was not properly administered for that pa- 
tient. This occurs about 5% of the time, and should 
prompt the clinician to re-administer the local anes- 
thetic before continuing with treatment. 

Previous difficulty with anesthesia 

Another consideration in mandibular anesthesia is pa- 
tients who report previous difficulty with anesthesia. 
These patients are likely to subsequently experience 
unsuccessful anesthesia (2). These patients will gener- 
ally identify themselves with comments such as ‘Nov- 
ocaine never seems to work very well on me’ or ‘A 
lot of shots are always necessary to get my teeth dead- 
ened.’ These patients can be identified by simply ask- 
ing whether they have had prior difficulty getting 
numb. If they have had these experiences, supplemen- 
tal injection techniques, such as an intraosseous injec- 
tion, should be considered. 

Procedures that have tried to increase success 
of the inferior alveolar nerve block 

The following reviews several alternative mandibular 
injection studies evaluating methods to increase the 
success of the inferior alveolar nerve block. 


Increasing the anesthetic volume 

One potential method to increase anesthesia success is 
to double the injection volume of the local anesthetic. 
However, increasing the volume of 2% lidocaine with 
epinephrine to 3.6 mL (two cartridges) does not in- 
crease the incidence of pulpal anesthesia with the in- 
ferior alveolar nerve block (5, 15, 17-21). 

Increasing the epinephrine concentration 

A second approach for increasing the success of man- 
dibular blocks is to increase the concentration of 
epinephrine. However, when evaluated in clinically 
normal teeth, there was no advantage to using a 
higher concentration (1 : 50,000) of epinephrine in an 
inferior alveolar nerve block (12, 22). 

3% Mepivacaine (Carbocaine) 

A third approach to improving the clinical success of 
mandibular blocks was to evaluate 3% mepivacaine as 
an alternative anesthetic. McLean et al. (6), in an ex- 
perimental study, and Cohen et al. (23), in a clinical 
study of patients with irreversible pulpitis, have shown 
that 3% mepivacaine plain is as effective as 2% lido- 
caine with 1 : 100,000 in an inferior alveolar nerve 
block. Clinically, this is an important finding because 
when medical conditions or drug therapies contra- 
indicate the use of epinephrine -containing solutions, 
3% mepivacaine can be used as an alternative. How- 
ever, the clinical success is not greater than with 2% 
lidocaine with epinephrine. 

Articaine 

The available literature indicates that articaine (Septo- 
dont™, New Castle, DE, USA) is a safe and effective 
local anesthetic agent (24-28). However, repeated 
clinical trials have failed to detect any superiority of 
articaine over lidocaine (29-33). Additional studies, 
particularly in endodontics, are warranted. 

Hyaluronidase 

Hyaluronidase decreases the viscosity of the injected 
tissue permitting a wider spread of injected fluids 
(34). Early studies in dentistry (35, 36) found that 
an inferior alveolar nerve block was more easily at- 
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tained and was more complete when hyaluronidase 
was added to an anesthetic solution. However, Rid- 
enour et al. (37) found that adding hyaluronidase 
to a lidocaine solution with epinephrine did not 
statistically increase the incidence of pulpal anes- 
thesia in inferior alveolar nerve blocks. Additionally, 
the combined lidocaine/hyaluronidase solution re- 
sulted in a significant increase in postoperative pain 
and trismus. 


Carbonated anesthetic solutions 

Experimentally, carbonated anesthetic solutions are 
more effective due to the trapping of the anesthetic 
within the nerve (7). Additionally, CO 2 has a syner- 
gistic relationship to local anesthetics and a direct de- 
pressant action on nerves (7). However, Chaney et al. 
(7) was not able to demonstrate a superior effect of 
lidocaine hydrocarbonate in inferior alveolar nerve 
blocks. 

Long-acting anesthetics 

Clinical trials with bupivacaine (Marcaine™) and 
etidocaine (Duranest™) have been performed in oral 
surgery (38, 39), endodontics (40, 41), and peri- 
odontics (42, 43). Recently, etidocaine has been with- 
drawn from the market by Dentsply Pharmaceuticals. 
Bupivacaine provides a prolonged analgesic period 
and is indicated when postoperative pain is antici- 
pated. However, not all patients want lip numbness 
for extended periods of time (39) and patients should 
be questioned regarding their preference. Bupiva- 
caine, as compared to lidocaine, has been shown to 
have a somewhat slower onset but almost double the 
duration of pulpal anesthesia (approximately 4h), in 
the mandible (14). 

A relatively new long-acting local anesthetic is ropi- 
vacaine (Naropin™). It is a structural homologue of 
bupivacaine (44). A number of studies have demon- 
strated that ropivacaine has a lower potential for cen- 
tral nervous system and cardiovascular toxic effects 
than bupivacaine (44). Kennedy et al. (44) concluded 
that 0.5% ropivacaine with 1:200,000 epinephrine 
was equivalent to 0.5% bupivacaine with 1 : 200,000 
epinephrine in pharmacologic action. Therefore, 
ropivacaine with epinephrine has the potential to re- 
place bupivacaine with epinephrine, in clinical dental 


practice, due to the decreased potential for cardiac 
and central nervous system toxicity. 


Infiltration injections 

Labial or lingual infiltration injections alone are not 
very effective for pulpal anesthesia in mandibular 
teeth (29, 30, 45). Adding a labial infiltration (1.8 
mL of 2% lidocaine with 1 : 100,000 epinephrine) to 
a conventional inferior alveolar injection increases the 
success of anterior pulpal anesthesia (46). However, 
adding a supplemental intraosseous injection should 
be more efficacious (46). Adding a labial or lingual 
infiltration injection after an inferior alveolar nerve 
block does not significantly result in more profound 
anesthesia in the first molar (47). 

Alternate injection locations 

Neither the Gow-Gates (48) nor Akinosi-Vazirani 
(49) techniques are superior to the standard inferior 
alveolar injection (20, 50) These techniques do not 
replace the conventional inferior alveolar nerve block. 
The Akinosi-Vazirani technique may be indicated 
when there is limited mandibular opening. 

Incisive nerve block at the mental foramen 

Nist et al. (18) and Joyce & Donnelly (51) demon- 
strated the incisive nerve block alone was successful 
in anesthetizing the premolar teeth. However, Nist 
et al. (18) showed that the technique did not anes- 
thetize the central and lateral incisors. Although this 
study demonstrated an increased success rate in the 
first molar when the incisive nerve block was com- 
bined with the inferior alveolar nerve block, an in- 
traosseous injection would be a better choice for sup- 
plemental anesthesia of the first molar when the in- 
ferior alveolar nerve block fails. 

Cross innervation 

Cross innervation from the contralateral inferior al- 
veolar nerve has been implicated in failure to achieve 
anesthesia in anterior teeth after an inferior alveolar 
injection. Experimentally, cross innervation occurs in 
incisors (21, 52) but plays a very small role in failure 
with the inferior alveolar nerve block. 
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Needle deflection and success 

Needle deflection has been theorized as a cause for 
failure with the inferior alveolar nerve block (53-55). 
Various authors (53-58), using in vitro methods, 
have reported that beveled needles, when passed 
through substances of varying densities, will deflect 
toward the non-beveled side. That is, the needle will 
deflect away from the bevel. Recently, Hochman & 
Friedman (55) developed a bi-directional needle ro- 
tation technique using the computer- assisted Wand™ 
(CompuDent, Milestone Scientific Inc., Deerfield, 
IL, USA). The bi-directional technique rotates the 
Wand handpiece assembly and needle in a manner 
similar to rotation of an endodontic hand file. The 
technique was found to reduce needle deflection dur- 
ing needle insertion. Kennedy et al. (59) compared 
the anesthetic efficacy of the conventional inferior al- 
veolar nerve block, administered with the needle 
bevel oriented away from the mandibular ramus (so 
the needle would deflect toward the mandibular for- 
amen), to the bi-directional needle rotation tech- 
nique, administered using the computer- assisted 
Wand anesthesia system, in patients diagnosed with 
irreversible pulpitis. There were no significant differ- 
ences between the success rates (50% for the conven- 
tional and 56% for the bi-directional technique) of 
the two techniques. Neither technique resulted in an 
acceptable rate of anesthetic success in patients with 
irreversible pulpitis. 


Accessory innervation 

Judging from clinical and anatomical studies (60, 61), 
the mylohyoid nerve is the accessory nerve most 
often cited as a cause for failure with mandibular anes- 
thesia. Clark et al. (19) compared the inferior alveolar 
nerve block alone to a combination injection of the 
inferior alveolar nerve block plus the mylohyoid nerve 
block, which was aided by the use of peripheral nerve 
stimulator. The investigators found that the mylo- 
hyoid injection did not significantly enhance pulpal 
anesthesia of the inferior alveolar nerve block. There- 
fore, the result of the study does not lend much credi- 
bility to the notion that the mylohyoid nerve is a 
major factor in failure with the inferior alveolar nerve 
block. 


Accuracy of the injection 

It has been theorized that an inaccurate injection con- 
tributes to inadequate mandibular anesthesia. Han- 
nan et al. (11) used a medical ultrasound unit to 
guide needle placement for inferior alveolar nerve 
blocks. While they found that the nerve block ad- 
ministered with ultrasound was accurate, it did not 
result in more successful pulpal anesthesia. Therefore, 
accuracy of needle placement is not the primary rea- 
son for anesthetic failure with this block. Two studies 
performed 30 years ago reached similar conclusions. 
Berns & Sadove (62) and Galbreath & Eklund (63) 
used radiographs to locate the mandibular foramen 
and found that accurate needle location did not 
guarantee successful anesthesia. Twenty-five percent 
of accurate blocks resulted in anesthetic failure. The 
authors speculated that migration of the anesthetic 
solution followed the path of least resistance and this 
was determined by fascial planes and structures en- 
countered in the pterygomandibular space. These 
studies provide an important clinical lesson — the lack 
of pulpal anesthesia is not necessarily due to an inac- 
curate injection. 

Why don’t patients achieve anesthesia with 
the inferior alveolar nerve block? 

The central core theory (64, 65) may be our best ex- 
planation. The theory states that nerves on the out- 
side of the nerve bundle supply molar teeth while 
nerves on the inside supply anterior teeth. The anes- 
thetic solution may not diffuse into the nerve trunk 
to reach all nerves to produce an adequate block, 
even if deposited at the correct site. 

Mannitol 

Recently, we have studied the use of mannitol to in- 
crease the efficacy of nerve blocks. Mannitol (a hyper- 
osmotic sugar solution) temporarily disrupts the pro- 
tective covering (perineurium) of sensory nerves 
allowing the local anesthetic agent to gain entry to 
the innermost part of the nerve. Without the manni- 
tol, the perineurium is a barrier to the diffusion of 
the local anesthetic into the nerve. We have found 
mannitol in combination with lidocaine increases an- 
esthetic success in patients with irreversible pulpitis 
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about 15-20%. The drug combination is undergoing 
trials for commercial introduction. 

Failure in patients with pain 

As we are aware, endodontic patients who are in pain 
and have pulpal pathosis have additional anesthetic 
problems. There are a number of explanations for fail- 
ure. One explanation, as discussed previously, is that 
conventional techniques do not always provide pro- 
found pulpal anesthesia. Another explanation relates to 
the theory that the lowered pH of inflamed tissue re- 
duces the amount of the base form of anesthetic to pen- 
etrate the nerve membrane. Consequently, there is less 
of the ionized form within the nerve to achieve anes- 
thesia. However, this explanation of local influences on 
the anesthetic solution does not explain the mandibu- 
lar molar with pulpitis, which is not readily blocked by 
an inferior alveolar injection. That is, the local anes- 
thetic is administered at some distance from the area of 
inflammation. Therefore, it would be difficult to blame 
local influences on failure with the inferior alveolar 
nerve block. Another explanation for failure is that 
nerves arising from inflamed tissue have altered resting 
potentials and decreased excitability thresholds (4, 
66). Wallace et al. (4) demonstrated that local anes- 
thetic agents were not sufficient to prevent impulse 
transmission due to these lowered excitability thresh- 
olds. Another factor would be the tetrodotoxin-resis- 
tant (TTXr) class of sodium channels that have been 
shown to be resistant to the action of local anesthetics 
(67). And finally, patients in pain are often apprehen- 
sive, which lowers the pain threshold. Therefore, prac- 
titioners should consider supplemental techniques — 
such as intraosseous (68-71) or periodontal ligament 
injections (23) when an inferior alveolar nerve block 
fails to provide pulpal anesthesia for patients with irre- 
versible pulpitis. 

Supplemental injections 

Supplemental injections are essential when, as fre- 
quently occurs, anesthesia from conventional injec- 
tions is inadequate and the pain is too severe for the en- 
dodontist to proceed. There are three such supplemen- 
tal techniques — the periodontal ligament injection, 
the intraosseous injection and the intrapulpal injection. 

If the patient has profound lip numbness and experi- 
ences pain upon access , repeating the inferior alveolar 


nerve block does not help the problem. Clinicians 
may think that another injection is helpful because 
the patient sometimes achieves pulpal anesthesia after 
the second injection. However, the patient may just 
be experiencing slow onset of pulpal anesthesia. That 
is, the second injection does not provide additional 
anesthesia — the first injection is just ‘catching up’ due 
to the slow onset of pulpal anesthesia. 

Periodontal ligament injection 

Historically, the periodontal ligament injection has 
been shown to be successful in restorative and endo- 
dontic procedures (23, 72, 73). Several reviews (23, 
72-75) and textbooks are available for clinicians 
interested in procedural details on the periodontal 
ligament injection. 

New technology for periodontal ligament 
injection 

Recently, a computer assisted local anesthetic delivery 
system has been introduced. The Wand (CornpuD- 
ent) local anesthesia computer-controlled injection 
system (Fig. 2) accommodates a standard local anes- 
thetic cartridge that is linked by sterile micro tubing 
to a disposable, pen-like handpiece with a Leur-Lok 
needle attached to the end. The device is activated by 
a foot control, which automates the infusion of local 
anesthetic solution at a controlled rate. Two flow 
rates, slow or fast, may be initiated and maintained by 



Fig. 2. A picture of the Wand (CompuDent) computer as- 
sisted local anesthetic delivery unit. The Wand handpiece 
assembly and micro tubing are also seen. 
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Fig. 3. Incidence of anesthesia for in- 
traosseous and infiltration injections 
as determined by lack of response to 
electrical pulp testing at the maximum 
setting (percentage of 80 readings) 
across time for 60 min. The intraosse- 
ous injection had a quicker onset and 
a shorter duration of anesthesia. 


the foot pedal control. The fast rate delivers 1.4mL 
of solution in one minute. The slow rate delivers 1.4 
mL of solution in approximately 4 min 45 s. The slow 
rate is used for the periodontal ligament injection. 

The periodontal ligament injection with the Wand 
(CompuDent, Livingston, NJ, USA) system may be 
successful because potentially 1.4mL of solution can 
be delivered intraosseously. The amount differs sig- 
nificantly from the periodontal ligament injection 
with a conventional syringe or pressure syringe. 

Intraosseous anesthesia with Stabident and 
X-Tip Systems 

The intraosseous injection allows placement of a local 
anesthetic solution directly into the cancellous bone 
adjacent to the tooth to be anesthetized. Because in- 
filtration injections are not effective for anesthesia of 
the mandibular molar teeth due to the thickness of 
the cortical plate, dentists do not attempt infiltration 
anesthesia in the posterior mandible. The intraosse- 
ous injection overcomes this problem by allowing di- 
rect access to the cancellous bone. How similar is an 
infiltration and intraosseous injection? Wood (76) 
compared these two injection techniques, using 1.8 
mL of 2% lidocaine with 1 : 100,000 epinephrine, in 
the maxillary lateral incisor. The two techniques were 
similar except the intraosseous technique had a quick- 
er onset and a shorter duration of anesthesia (Fig. 3). 

There are two intraosseous systems that have been 


studied clinically — the Stabident™ system (Fairfax 
Dental Inc., Miami, FL, USA) and the X-tip™ system 
(X-tip Technologies, Lakewood, NJ, USA). Recently, 
another intraosseous system has been introduced — 
the IntraFlow™ (IntraVantage, Plymouth, MN, 
USA). The system combines a slow-speed handpiece 
anesthetic cartridge dispenser system and a 
needle/drill. The anesthetic solution is de- 
livered simultaneously as the cortical bone is perfor- 
ated. No published studies have evaluated this re- 
cently introduced system in clinical dentistry. 

The Stabident system comprises a slow-speed hand- 
piece driven perforator, a solid 27-gauge wire with a 
beveled end, that, when activated, drills a small hole 
through the cortical plate (Fig. 4). The anesthetic 
solution is delivered to cancellous bone through the 
27-gauge ultra-short injector needle placed into the 
hole made by the perforator. Two needles are avail- 
able with this system — a pointed needle and a modi- 
fied (flattened tip) beveled needle. Clinically, we 
would recommend the modified needle because it 
allows for an easier negotiation of the perforation 
hole. Recently, the Alternative Stabident™ system has 
been introduced. This system utilizes a funnel shaped 
guide-sleeve that is manually placed into the perfor- 
ation site, after the perforation is performed, allowing 
the needle to be placed easily into the perforation site. 

The X-tip anesthesia delivery system consists of an 
X-tip that separates into two parts: the drill and guide 
sleeve component (Fig. 5). The drill (a special hollow 




rotating 
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Fig. 4. The Stabident perforator, a solid 27-gauge wire with 
a beveled end, which is placed in a slow-speed handpiece. 


needle) leads the guide sleeve through the cortical 
plate, whereupon it is separated and withdrawn. The 
remaining guide sleeve is designed to accept a 27- 
gauge needle to inject the anesthetic solution. The 
guide sleeve is removed after the intraosseous injec- 
tion is complete. 

The technique of intraosseous anesthesia, using the 
Stabident or X-tip system, can be reviewed in their 
respective instruction manuals and/or published 
papers (77-85). 

Pain of perforation and solution deposition in 
patients with irreversible pulpitis 

Generally, the incidence of moderate pain due to per- 
foration and solution deposition is low when using 
the Stabident system, as a primary or supplemental 
technique, in asymptomatic patients (77-80, 85). In 
mandibular posterior teeth with irreversible pulpitis, 
Nusstein et al. (69) and Reisman et al. (68) found 0% 
and 9% of patients, respectively, reported a transient, 
moderate to severe pain with the Stabident perfor- 
ation; 5% and 31%, respectively, reported moderate to 
severe pain during anesthetic solution deposition. For 
the X-tip system in patients with irreversible pulpitis, 
Nusstein et al. (71) reported a 48% incidence of mod- 
erate to severe pain with perforation; solution depo- 
sition resulted in a 27% incidence of moderate pain. 
Generally, the clinician should be aware that a transi- 
ent, but moderate to severe pain, may be experienced 
when using the Stabident or X-tip system for perfor- 



Fig. 5. The X-tip anesthesia delivery system consists of an 
X-tip (top) that separates into two parts: the drill (a special 
hollow needle) and guide sleeve component (bottom). 


ation and solution deposition in patients with irre- 
versible pulpitis. The higher pain ratings, compared 
to asymptomatic teeth, are related to the patients 
being in pain and probably being anxious. 

Perforator breakage with Stabident and X-tip 
systems 

About 1% of perforators ‘separate’ during use (70, 
77-82, 85). That is, the metal perforator separates 
from the plastic shank. Each is easily removed with 
a hemostat. The ‘separation’ usually occurs during a 
difficult perforation (e.g. dense cortical bone) and it 
is likely the metal is heated excessively, causing the 
plastic hub to melt. No perforator ‘breakage’ (metal 
perforator breaking into parts) has been reported in 
numerous studies (70, 77-82, 85). 


Optimal injection site location 

It is important to remember that a site DISTAL to 
the tooth to be anesthetized will result in the best 
anesthesia (77-85). An exception to this rule would 
be in maxillary and mandibular second molars — a 
MESIAL site should be selected (69, 77-85). 

Although no study has explored this option, in 
some mandibular molars where a mesial or distal Sta- 
bident injection hasn’t been successful or can’t be 
used, the authors have used a lingual approach with 
success. 
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Onset of anesthesia 

Basically, the onset of anesthesia is immediate (77- 
85). Therefore, there is no ‘waiting period’ for onset 
of anesthesia. 

Site selection 

Both the Stabident and X-tip intraosseous systems in- 
struct the user to locate the perforation site in attached 
gingiva. The gingival site allows the perforation to be 
made through a minimal thickness of cortical bone and 
is generally equidistant between adjacent root struc- 
tures. However, because the guide sleeve remains in 
place with the X-tip system, we have successfully used 
it in alveolar mucosa at a more apical location (71, 85). 
The X-tip system has a definite clinical advantage over 
the Stabident system because the X-tip perforation may 
be made at an apical location in unattached gingiva. 
That is, if the Stabident system is used apically in al- 
veolar mucosa, it is almost impossible to find the hole 
to deliver the anesthetic solution. Therefore, the clini- 
cian may want to consider using the X-tip in an apical 
location in specific clinical situations. For example, 
when periodontal pocketing does not allow perfor- 
ation into cancellous bone through the more coronal 
attached gingiva or there is a lack of interproximal 
space (roots are too close together), the X-tip system 
can be used to achieve pulpal anesthesia. Furthermore, 
if the Stabident system fails, the clinician may want to 
consider using the X-tip apically to achieve pulpal anes- 
thesia. 

Failure with inferior alveolar nerve block in 
patients with irreversible pulpitis 

Clinical studies in endodontics (68-71), in patients 
with irreversible pulpitis, have found failure (pain or 
positive pulp tests) with the inferior alveolar nerve 
block occurring between 44% and 81% of the time. 
These studies would indicate that anesthesia is often 
difficult to achieve in irreversible pulpitis with only 
the inferior alveolar nerve block. 

Success of intraosseous anesthesia in patients 
with irreversible pulpitis 
Stabident success 

Nusstein et al. (69), in a clinical study, found a sup- 
plemental mandibular intraosseous injection of 1 .8 mL 


of 2% lidocaine with 1 : 100,000 epinephrine was 91% 
successful in gaining total pulpal anesthesia for pos- 
terior teeth diagnosed with irreversible pulpitis. Paren- 
te et al. (70) used the Stabident intraosseous injection 
in patients with irreversible pulpitis when conventional 
local anesthetic techniques failed. They found an initial 
supplemental intraosseous injection, using 0.45-0.9 
mL of 2% lidocaine with 1 : 100,000 epinephrine, was 
successful in 79% of posterior mandibular teeth. A sec- 
ond intraosseous injection increased success to 91%. 
Reisman et al. (68) reported the supplemental intraos- 
seous injection of 1.8 mL of 3% mepivacaine (Car- 
bocaine) increased success in mandibular teeth diag- 
nosed with irreversible pulpitis to 80% when compared 
to the inferior alveolar nerve block alone (25% success). 
A repeated intraosseous injection of 3% mepivacaine in- 
creased success to 98%. Therefore, one cartridge of 3% 
mepivacaine plain is not as efficacious as one cartridge 
of 2% lidocaine with 1 : 100,000 epinephrine. But 3% 
mepivacaine does not have the heart rate increase seen 
with epinephrine -containing solutions. 

X-Tip success 

Nusstein et al. (71) used an X-tip supplemental in- 
traosseous injection in patients with irreversible pul- 
pitis when a conventional inferior alveolar nerve block 
failed. The X-tip injection site was 3-7 mm apical to 
the mucogingival junction of the mandibular molar 
or premolar tooth and 1.8 mL of 2% lidocaine with 
1:100,000 epinephrine was administered. They 
found that six of the 33 (18%) X-tip injections re- 
sulted in backflow of the anesthetic solution into the 
oral cavity — none was successful in obtaining anes- 
thesia. Twenty-seven of the remaining 33 X-tip injec- 
tions (82%) were successful. They concluded that 
when the inferior alveolar nerve block fails to provide 
profound pulpal anesthesia, the X-Tip system, when 
used in an apical location and when there is no back- 
flow of the anesthetic solution into the oral cavity, is 
successful in achieving pulpal anesthesia in mandibu- 
lar posterior teeth of patients presenting with irrevers- 
ible pulpitis. 

Key to success with an intraosseous injection 

The key to success with the intraosseous injection is 
flow of the anesthetic into the cancellous space. If 
anesthetic solution squirts out of the perforation site 
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into the oral cavity -naturally, no anesthetic effect will 
be realized. Reperforation or choosing another per- 
foration site would be a good choice to gain access to 
the cancellous bone. 

In less than 10% of intraosseous injections, con- 
stricted cancellous spaces may limit the distribution of 
the anesthetic solution around the apices of the teeth 
(68, 69, 71, 77-85). Therefore, failure may result even 
when the anesthetic solution is delivered intraosse- 
ously. 

Duration 

In patients with irreversible pulpitis, the supplemental 
intraosseous injection, using the Stabident or X-tip 
systems, provided anesthesia for the entire debride- 
ment appointment (68, 69, 71). 

When should intraosseous injection be given? 

Considering the high failure rate of the initial in- 
ferior alveolar nerve block and our own research, 
we now give all patients with irreversible pulpitis 
a supplemental intraosseous injection following an 
inferior alveolar nerve block. That is, once we have 
signs of lip numbness, we administer an intraosseous 
injection. This procedure has significantly decreased 
patients’ pain and allowed a quicker onset of treat- 
ment. 

Why don’t more clinicians use this regimen? Basi- 
cally, many clinicians do what we were taught during 
our initial clinical training and sometimes it is hard to 
change. For example, a 1998 study in the Journal of 
the American Medical Association (86) urges the use 
of anesthesia during circumcision. Currently, up to 
96% of babies don’t receive anesthesia. The physicians 
were taught in their residencies not to administer 
anesthesia and consequently it will probably be a slow 
process to change them over. This is a common prob- 
lem in many health care disciplines and is the rationale 
for journals such as Endodontic Topics. 

Success in painful teeth with totally necrotic 
pulps and radioluncent areas 

No study has investigated the success rate in these 
teeth. We feel that anesthetic solution deposition 
would be painful and profound anesthesia may not be 
provided, or if obtained, it may be of short duration. 


Success in partially vital teeth 

The intraosseous injection should work in teeth 
where the chamber is necrotic, the canals are vital, 
and there is a widening of the periodontal ligament 
radiographically. A recent history of hot and cold sen- 
sitivity should differentiate this condition from one of 
a necrotic tooth experiencing an acute exacerbation 
(Phoenix abscess). 

Use in periradicular surgery 

Currently, in the mandible, we give an intraosseous 
injection into the area of the surgical site after we 
have given our standard injections. We feel this re- 
duces bleeding and increases surgical anesthesia. 

Systemic effects with intraosseous injection 
Heart rate effects of intraosseous anesthesia 
Various authors (69, 71, 77-85) have reported a transi- 
ent increase in heart rate (46% to 93% of the time) with 
the Stabident or X-tip intraosseous injection of epine- 
phrine- and levonordefrin-containing solutions. Re- 
plogle et al. (87) reported 67% of their subjects objec- 
tively (electrocardiogram recordings) had an increased 
heart rate with the Stabident intraosseous injection of 
1.8 mL of 2% lidocaine with 1 : 100,000 epinephrine. 
The mean increase was 28 beats per minute. Chamber- 
lain et al. (88) found the Stabident intraosseous injec- 
tion of 2% lidocaine with 1 : 100,000 epinephrine re- 
sulted in a mean heart rate increase of 12 beats per min- 
ute. Guglielmo et al. (81) reported that the 
supplemental Stabident intraosseous injection of 1.8 
mL of either 2% lidocaine with 1 : 100,000 epinephrine 
or 2% mepivacaine with 1:20,000 levonordefrin re- 
sulted in a mean increase in heart rate of 23-24 beats 
per minute (measured with a pulse oximeter) in 80% of 
the subjects. Stabile et al. (84) found the supplemental 
intraosseous injection of 1.8mL of 1.5% etidocaine 
with 1 : 200,000 epinephrine resulted in a mean in- 
crease in heart rate of 32 beats per minute (measured 
with a pulse oximeter) in 90% of the subjects. Gener- 
ally, all these studies showed that the heart rate re- 
turned to baseline readings within four minutes in 
most patients. Therefore, injection of anesthetic solu- 
tions containing vasoconstrictors, using either the Sta- 
bident or X-tip systems, would result in a transient 
heart rate increase. No significant change in diastolic, 
systolic or mean arterial blood pressure will be ob- 
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served with the intraosseous injection of 2% lidocaine 
with 1 : 100,000 epinephrine (87, 88). 

Clinical significance of heart rate increase 

While the heart rate increase with the Stabident or X- 
tip intraosseous injection of 2% lidocaine with 
1:100,000 epinephrine would likely be noticed by 
the patient, it would not be clinically significant in 
most healthy patients (87). Replogle et al. (87) dis- 
cussed the clinical significance, cardiovascular effects 
and contraindications to the use of vasoconstrictors 
in intraosseous injections. The reader is referred to 
this article for review. 

Heart rate effect of other anesthetic solutions 
for intraosseous anesthesia 

There will be no significant increase in heart rate 
when 3% mepivacaine is used for intraosseous anes- 
thesia (83, 87). Importantly, in those patients whose 
medical condition or drug therapies suggest caution 
in administering epinephrine- or levonordefrin-con- 
taining solutions, 3% mepivacaine represents an alter- 
native for intraosseous injections (87). 

In an attempt to increase the duration of pulpal 
anesthesia with intraosseous injections, some clini 
dans may use long-acting anesthetic agents. Bupiva- 
caine (Marcaine) and etidocaine (Duranest) are long- 
acting anesthetic agents but only for inferior alveolar 
nerve blocks. These agents are not long-acting when 
injected by the intraosseous or maxillary infiltration 
routes (84, 89-91). It is important to realize that 
bupivacaine and etidocaine have cardiotoxic effects 
(92) and are equivalent to 2% lidocaine with epine- 
phrine in terms of efficacy, duration, and heart rate 
effects for intraosseous anesthesia. Therefore, bupiva- 
caine and etidocaine offer no advantage clinically and 
should not be used for intraosseous anesthesia. 

Clinical significance of the intraosseous 
injection of lidocaine 

Some authors (93) have cautioned that administra- 
tion of an overly large volume of local anesthetic with 
an intraosseous injection could lead to overdose reac- 
tions. Wood et al. (94), using human subjects and 1.8 
mL of 2% lidocaine with 1 : 100,000 epinephrine, 
found that the venous plasma levels of lidocaine were 


the same for an intraosseous injection as for an infil- 
tration injection. While there is a short-lived effect on 
the heart rate due to the vasoconstrictor, the plasma 
concentration of lidocaine delivered with the intraos- 
seous injection is no more than that delivered with 
an infiltration. Therefore, the intraosseous technique 
should not be considered an intravascular injection. 
Additionally, if it were an intravascular injection, little 
or no anesthetic effect would be demonstrated. In 
conclusion, the same precautions for the maximum 
amount of lidocaine given for an infiltration injection 
would also apply to an intraosseous injection. 

Postoperative discomfort 

As a primary and supplemental technique with the 
Stabident system, the majority of patients report no 
pain or mild pain (77-82, 95). Approximately 2% to 
15% will report a transient moderate pain postopera- 
tive (77-82, 95). Postoperative discomfort with the 
Stabident intraosseous injection is less than reported 
for the periodontal ligament injection (96). 

Gallatin et al. (95) found significantly more males 
experienced postoperative pain with the X-tip system 
than with the Stabident system. They felt this was re- 
lated to denser and more mineralized bone in the pos- 
r mandible in males and the fact that the X-tip 
perforating system diameter is larger than the Stabid- 
ent perforator resulting in generation of more fric- 
tional heat during perforation. 

In patients with irreversible pulpitis, the postopera- 
tive pain of the endodontic procedure would likely 
mask any postoperative pain of the intraosseous injec- 
tion. 

Postoperative problems 

For the Stabident system, less than 5% of patients will 
develop swelling and/or exudate at the site of perfor- 
ations (77-82, 95). Gallatin et al. (95) found that the 
X-tip system may have a higher incidence of post- 
operative swelling clinically. With both systems, the 
swelling/exudate may be present for weeks after the 
injection but all resolve with time (77-82, 95). These 
slow healing perforation sites may be due to over- 
heating of the bone caused by pressure during perfor- 
ation. 

With both the Stabident and X-tip systems, ap- 
proximately 4-15% of patients will report that their 
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tooth ‘feels high’ when chewing for a few days (77- 
82, 95). This feeling is most likely an increased aware- 
ness to biting that results from soreness in the area 
caused by damage from perforation or inflammation 
of the bone. The incidence with the intraosseous in- 
jection is lower than reported with the periodontal 
ligament injection (36-49%) (96, 97). 


Intrapulpal injection 

In about 5-10% of mandibular posterior teeth with 
irreversible pulpitis, supplemental injections, even 
when repeated, do not produce profound anesthesia; 
pain persists when the pulp is entered. This is an indi- 
cation for an intrapulpal injection. 

Historically, this was a popular approach. The major 
drawback of the technique is that needle placement 
and injection are directly into a vital and very sensitive 
pulp; the injection may be moderately to severely 
painful (69). In the Journal of Endodontics (98), Mil- 
es, a dentally trained neurophysiologist needing en- 
dodontic treatment, reported intense pain when the 
intrapulpal injection was administered. While he re- 
ported it was successful, success was achieved at a 
price. Miles stated that there was decreased confi- 
dence in the endodontist and increased apprehension. 
Because we currently have more successful methods 
of supplemental anesthesia, the intrapulpal injection 
should only be given after all other supplemental 
techniques have failed. Another disadvantage of the 
technique is the duration of pulpal anesthesia may be 
short (15-20 min). Therefore, the bulk of the pulp 
must be removed quickly, at the correct working 
length, to prevent reoccurrence of pain during instru- 
mentation. Another disadvantage is that, obviously, 
the pulp must be exposed to permit direct injection; 
frequently anesthetic problems occur prior to ex- 
posure while still in dentin. 

The advantage of the intrapulpal injection is that it 
is quite predictable for profound anesthesia if given 
under back-pressure (99, 100). Onset will be immedi- 
ate and no special syringes or needles are required. 
The methods for this technique can be found in many 
excellent endodontic textbooks. Strong-back pressure 
has been shown to be a major factor in producing 
anesthesia (99, 100). Depositing anesthetic passively 
into the chamber is not adequate; the solution will 
not diffuse throughout the pulp. 


Clinical management of endodontic 
anesthesia 

Irreversible pulpitis 

The teeth most difficult to anesthetize (with irrevers- 
ible pulpitis) are the mandibular molars followed by 
mandibular premolars, then maxillary molars and pre- 
molars, and then mandibular anteriors. The least 
problems are with maxillary anterior teeth. 

In some teeth, irreversible pulpitis is the condition 
in the apical portion of the canals; the tissue in the 
chamber is necrotic and does not respond to pulp 
testing. Obviously, the pulp chamber is entered with 
no problem, but when attempting to place a file to 
length, severe pain results. Intraosseous injections will 
be helpful and an intrapulpal injection may be used. 
However, this condition of irreversible pulpitis must 
be differentiated from a symptomatic necrotic tooth 
with apical pathosis since, in this condition, intraosse- 
ous and intrapulpal injections may not be effective 
and there exists the possibility of forcing bacteria into 
the periradicular tissues. There are no clinical trials 
with symptomatic necrotic teeth. 

Considerations for mandibular teeth with 
irreversible pulpitis 

In the old days (1970-1980s), before supplemental 
injections (periodontal ligament and intraosseous in- 
jections), we would administer conventional anes- 
thesia. After signs of soft tissue anesthesia were 
evident, the pain abated and the patient relaxed. Lo- 
cal anesthesia produced the classic soft tissue signs 
and relieved the painful symptoms. However, fre- 
quently when the access opening was begun or the 
pulp was entered, pain resulted. Currently, with sup- 
plemental techniques we have significantly reduced 
this pain during endodontic treatment. 

Now after administering conventional anesthesia 
and observing signs of soft tissue anesthesia (soft 
tissue anesthesia is required for success of the sup- 
plemental injections), we will administer an intraosse- 
ous injection. Inform the patient that their tooth is 
not as numb as desired and therefore, a little extra 
anesthetic will be used to ensure their comfort. We 
will then inform the patient that this extra anesthetic 
is placed next to the tooth and that they may feel 
some discomfort during the injection. 

We would recommend that the intraosseous injec- 
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tion be administered with 1.8 mL of 3% mepivacaine 
plain (e.g. 3% Carbocaine). This recommendation is 
not based on the cardiovascular risks associated with 
a vasoconstricting-containing anesthetic solution, but 
is based on clinical research that 3% mepivacaine is 
reasonably effective and there is no clinical side-ef- 
fects of an increased heart rate (68, 87). That is, a 
few patients may overreact to the heart rate increase 
with epinephrine-containing solutions, making treat- 
ment difficult or time consuming because the patient 
has to be calmed before endodontic treatment can 
begin. However, many endodontists also use 2% lido- 
caine with 1 : 100,000 epinephrine for intraosseous 
anesthesia. Each practitioner may want to experiment 
to see which anesthetic solution (3% mepivacaine or 
2% lidocaine with epinephrine) works best in their 
hands. 

Apply the rubber dam and slowly begin the access 
preparation. Inform the patient that the procedure 
will be discontinued if pain is experienced. 

If the initial pain occurs in dentin, remove the rub- 
ber dam and administer another cartridge of 3% mepi- 
vacaine— this should be successful (68). Again, the 
clinician should ensure that the anesthetic solution is 
being deposited into medullary bone. 

If the initial pain occurs when the pulp is entered , 
remove the rubber dam and administer another car- 
tridge of 3% mepivacaine. If further pain is experi- 
enced, then give an intrapulpal injection. 

Considerations for maxillary molar and 
premolar teeth with irreversible pulpitis 

The initial anesthetic dose of 2% lidocaine with 
1 : 100,000 epinephrine is doubled (3.6mL ) for the 
buccal infiltration (101). The injection site may also 
be a posterior superior alveolar block (PSA) for mo- 
lars. A small amount may be administered palatally for 
the rubber dam retainer. Although anesthetic prob- 
lems occur less frequently with maxillary molars and 
premolars, when compared to mandibular posterior 
teeth, the clinician should be aware that they do oc- 
cur (69). Therefore, administering an intraosseous in- 
jection, before proceeding with access, may prove 
helpful in anesthetizing these teeth. An alternative ap- 
proach would be to administer anesthesia, then pulp 
test the tooth with an electric pulp tester or cold re- 
frigerant. If there is a negative response — proceed 
with access. If there is a positive response, administer 


an intraosseous injection. Remember, in teeth with 
irreversible pulpitis, pulp testing (electric or cold) 
may not guarantee pulpal anesthesia (9, 23, 68, 69). 
Therefore, if a patient experiences pain after negative 
pulp testing, administer an intraosseous injection. 

Duration of maxillary infiltration anesthesia is not 
as long as in the mandible (76, 90, 91, 101-103). 
Therefore, if pain is experienced during the later 
stages of instrumentation, an additional infiltration 
injection is necessary. Occasionally, pain is experi- 
enced with the palatal canal of molars. Infiltration 
over the palatal apex of 0.5 mL of anesthetic solution 
enhances pulpal anesthesia (104) and may prove 
helpful. 

Considerations for maxillary anterior teeth 
with irreversible pulpitis 

Anesthetic is administered initially as a labial infil- 
tration. Palatal anesthesia may be necessary for the 
rubber dam retainer. Although supplemental anes- 
thesia is not often necessary, when given, the intraos- 
seous injection should be successful. 

Duration of anesthesia may be less than lh (76, 
90, 91, 101-103). An additional infiltration may be 
necessary if the patient experiences pain during the 
later stages of instrumentation. 

Considerations for symptomatic teeth with 
total pulp necrosis and periradicular 
radioluciencies 

This condition indicates pain of periradicular tissue. 
These teeth may be painful to manipulation and 
movement during treatment; therefore, extra care 
must be taken. 

For the mandible, administer the inferior alveolar 
nerve block (and long buccal injection) in all situ- 
ations. For maxillary teeth, with no swelling, adminis- 
ter anesthesia with conventional infiltration or block. 
If soft tissue swelling is present (cellulitis or abscess), 
infiltrate on either side of the swelling or administer 
a block (second division nerve block or infraorbital 
nerve block). Basically, these will provide some de- 
gree of bone and soft tissue anesthesia. After achiev- 
ing signs of anesthesia, place the rubber dam and 
SLOWLY begin the access. Usually, the pulp chamber 
can be entered without discomfort, if the tooth is not 
torqued excessively. File placement and debridement 
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also can be performed without much pain if instru- 
ments are ‘finessed’. 

Occasionally, the conventional injections do not 
provide profound anesthesia — particularly in the 
maxillary teeth. Do not use intraosseous, periodontal 
ligament injections, or intrapulpal injections. While 
effective for teeth presenting with irreversible pulpitis, 
these injections would likely be painful and ineffective 
for symptomatic necrotic teeth with apical pathosis. 
Rather, explain to the patient that they do not have 
profound anesthesia due to the inflammation in the 
bone surrounding their tooth and utilize gentle file 
manipulation. 

Considerations for asymptomatic teeth with 
total pulp necrosis arid periradicular 
radioluciencies 

Asymptomatic teeth with pulp necrosis are the easiest 
to anesthetize; patient comfort is usually attained with- 
out difficulty. Although, it may be tempting to proceed 
without anesthesia, pain may be experienced during in- 
strumentation if anesthesia is not administered. 

Administer the conventional injections: inferior al- 
veolar nerve block and long buccal injection for man- 
dibular teeth, and infiltration (or PSA block) injec- 
tions in maxillary teeth. Proceed with access and file 
placement. Usually, the patient is comfortable. On 
rare occasions, there may be some discomfort during 
canal preparation requiring an intraosseous injection. 
Do not inject intrapulpally since bacteria and debris 
may be forced from the canal into the periradicular 
tissue. In the maxilla, an additional infiltration may 
be necessary if anesthesia begins to wear off. 
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